INTRODUCTION
============

Studies on the relationship between respiratory pattern and the development of craniofacial characteristics have been published for a considerable period of time.[@B01] ^-^ [@B08] The persistence of the interest in this topic might be partially explained by the high prevalence of mouth breathing,[@B09] even among orthodontic patients.[@B10]

The presence of this habit is correlated with a number of muscular[@B11] and dento-craniofacial alterations, including maxillary constriction, posterior crossbite, retrusion and clockwise rotation of the mandible, Class II skeletal pattern and excessive vertical growth.[@B01] ^-^ [@B08]

One of the main causes of mouth breathing is adenoid hypertrophy,[@B12] In addition, several studies have demonstrated a significant correlation between long face morphology and anatomical reduction in the nasopharyngeal airway.[@B01] ^,^ [@B07] ^,^ [@B08] ^,^ [@B13] ^,^ [@B14] ^,^ [@B16] ^-^ [@B19] Class II malocclusion or mandibular retrognathia have also been frequently related to smaller dimensions of the nasopharynx.[@B13] ^,^ [@B20] ^-^ [@B23] Therefore, some of these studies[@B07] ^,^ [@B14] ^,^ [@B16] ^,^ [@B18] ^,^ [@B24] suggest that dimensional reduction of the nasopharynx, due to hyperdivergent craniofacial pattern or mandibular retrusion, might predispose patients to an obstructive breathing status derived from adenoid hypertrophy. However, such inferences might be considered mere assumptions rather than scientific evidence, since most of these studies have relied upon inaccurate methods, such as rhinomanometry[@B01] ^,^ [@B13] ^,^ [@B21] or lateral cephalometric radiographs,[@B07] ^,^ [@B08] ^,^ [@B14] ^,^ [@B16] ^,^ [@B17] ^,^ [@B18] ^,^ [@B19] ^,^ [@B20] ^,^ [@B22] to assess patients\' respiratory pattern. On the other hand, nasofiberendoscopic examination has been considered as the gold standard method for adenoid evaluation.[@B23]

The primary objective of this study was to describe the craniofacial morphology of patients with complaints of nasopharyngeal obstruction. In addition, comparative analysis of cephalometric skeletal features was conducted on patients with and without adenoid hypertrophy, as assessed by nasofiberendoscopic examination. Finally, this study also aimed to investigate the correlations established between skeletal characteristics and the percentage of adenoid obstruction.

MATERIAL AND METHODS
====================

This research was a descriptive-analytical, cross-sectional study approved by Universidade Federal de São Paulo Institutional Review Board (protocol \#0181/08).

Between February 2009 and June 2010, 170 children who attended or were referred to a public pediatric otolaryngology outpatient clinic, were invited to take part in the study, from which 43 refused to participate. The convenience sample thus consisted of 127 individuals, both males and females, aged between four to 14 years old. In order to be eligible to the study, the children should have presented complaints of nasopharyngeal obstruction and/or mouth breathing. At this point, no objective information regarding the degree of adenoid hypertrophy was available.

Children with syndromes or craniofacial malformation, as well as those which had been previously subjected to orthodontic treatment, were not included in the sample.

All eligible participants, along with their parents or legal guardians, were properly informed about the study objectives and procedures, as well as the examinations that would be performed. Those who agreed to participate formalized their intent by signing an informed consent form previously prepared according to Universidade Federal de São Paulo Institutional Review Board.

Initially, the children selected underwent lateral cephalometric radiographic examination performed by a radiology specialist who used the same device for all of them (Instrumentarium Ortopantomographic OP100; General Electric Healthcare, Tuusula, Finland). The focus-film distance was 140 cm, while X-ray exposure settings were 70 kV and 12 mA for 0.40 to 0.64 s. During record taking, patients were instructed to breathe exclusively through the nose, keep their mouth closed and their teeth in occlusion. We used 20 x 25 cm films (Kodak, Rochester, NY) and processed them according to a standardized protocol. Radiographs were identified by codes, so as to prevent patient identification.

Lateral cephalometric radiographs were manually traced by two independent blind examiners, and subsequent measurements ([Table 1](#t01){ref-type="table"}, [Figs 1](#f01){ref-type="fig"}, [2](#f02){ref-type="fig"}, and [3](#f03){ref-type="fig"}) were performed on Ultraphan acetate sheets, with the aid of a light box, a protractor and a digital caliper (model 799A-8/200; Starrett , Itu, Brazil), with 0.01 mm precision.

Table 1.Cephalometric variables evaluatedCephalometric variablesSNAAnteroposterior position of the maxillaSNBAnteroposterior position of the mandibleANBRelative anteroposterior position of the maxilla and mandibleNAPgFacial convexityNSGnDirection of facial growthSNGoGnMandibular plane angleSNPPInclination of the palatal plane (ANS/PNS)BaNPtGnFacial axisAFHiAnterior facial height index (ANS-Me/N-Me)FHiTotal facial height index (S-Go/N-Me)

Figure 1.Horizontal cephalometric variables (SNA, SNB, ANB, NAPg).

Figure 2.Vertical cephalometric variables (NSGn, SNGoGn, SNPP, BaNPtGn).

Figure 3.Cephalometric variables related to the facial indices AFHi and FHi.

Subsequently, patients underwent flexible nasofiberendoscopic examination (model ENFP4, 3.4 mm; Olympus, Melville, NY) through both nostrils. The examination was conducted by experienced otolaryngologists and performed after topical anesthesia application (2% lidocaine). All examinations were recorded by a DVD recorder (model DVD-R150/XAZ; Samsung, Manaus, Brazil), and a digital file derived from the primary video was edited to prevent patient identification. Edited video clips were then forwarded to another experienced and independent otolaryngologist who had not been involved with subjects\' enrollment, videonasopharyngoscopic examination performance, record taking or editing.

In order to evaluate the edited video clips, the examiner used an assessment method originally designed to quantify the degree of obstruction caused by the adenoid tissue: measured choanal obstruction (MCO) which has previously proven to be satisfactorily reproducible.[@B25] The evaluator was instructed to choose the frame that provided the best view of the adenoid in relation to the choana, obtained from the most distal portion of the inferior turbinate. In these frames, the patient had to be breathing exclusively through the nose, with no evidence of soft palate elevation. The selected frame was then converted into a JPEG file and the MCO was calculated by means of Image J,[@B26] an image processing software. MCO represented the percentage of the choanal area occupied by adenoid tissue ([Fig 4](#f04){ref-type="fig"}). When images from both nostrils were available, the mean between right and left side evaluations was calculated to minimize potential variations, as proposed by Feres et al.[@B25]

Figure 4.Final frame selection (B) derived from the video clip (A), and MCO calculation (C): MCO = (Ad/Cho) x 100.

Statistical analysis
====================

At first, radiographic parameters reliability was determined after intra and inter-reproducibility analysis calculated by intraclass correlation coefficient (ICC).

Then, radiographic variables were described (means, standard deviations, minimum and maximum values) for all subjects. Subsequently, the sample was divided into two groups, according to the degree of obstruction caused by adenoid hypertrophy. According to previous parameters,[@B27] patients with MCO ≥ 66.7% were considered to have pathological adenoid hypertrophy, herein denominated the \"positive\" group; while patients with MCO \< 66.7% were not considered to present pathological adenoid hypertrophy (\"negative\" group). Both groups were compared regarding all cephalometric variables, according to Mann-Withney test.

Finally, Pearson correlation analysis between cephalometric measurements and MCO was determined for the whole sample. The \"strength\" of the correlation was characterized according to Vieira[@B28] as: \"irrelevant\" (0.00 \< r ≤ 0.25), \"weak\" (0.25 \< r ≤ 0.50), \"moderate\" (0.50 \< r ≤ 0.75), or \"strong\" (0.75 \< r ≤ 1.00).

Significance level for statistical tests was set at 5% (α ≤ 0.05). All analyzes were performed using SPSS 10.0 for Windows.

RESULTS
=======

From the initial sample comprising 127 patients who met the eligibility criteria and agreed to participate in the study, seven were excluded due to inadequate exams and 20 presented inconsistent repeated radiographic measurements. For the 100 remaining patients, all of them had radiographic parameters with satisfactory reproducibility ([Table 2](#t02){ref-type="table"}).

Table 2.Variables Intraexaminer p value Inter-examiner p value SNA (degrees) 0.942 \< 0.001 0.950 \< 0.001VariablesIntraexaminer*p* valueInter-examiner*p* valueSNA (degrees)0.942\< 0.0010.950\< 0.001SNB (degrees)0.966\< 0.0010.970\< 0.001ANB (degrees)0.928\< 0.0010.913\< 0.001NAPog (degrees)0.940\< 0.0010.926\< 0.001NSGn (degrees)0.961\< 0.0010.945\< 0.001SnGoGN (degrees)0.911\< 0.0010.908\< 0.001SNPP (degrees)0.923\< 0.0010.910\< 0.001BaNPtGn (degrees)0.988\< 0.0010.975\< 0.001AFHi0.890\< 0.0010.877\< 0.001FHi0.869\< 0.0010.868\< 0.001

The final sample comprised 48 female children (48.0%) and 52 male children (52.0%), with a mean age of 9.0 years old (standard deviation = 2.4). The descriptive analysis of all cephalometric variables is presented in [Table 3](#t03){ref-type="table"}. According to universally accepted parameters, the sample of this study showed skeletal patterns with a slight tendency towards excessive vertical growth, a convex profile and mandibular retrusion. However, comparison between the cephalometric variables of the positive (n = 58, 58.0%) and negative groups (n = 42, 42.0%) showed no statistically significant differences ([Table 4](#t04){ref-type="table"}).

Furthermore, amongst all radiographic variables evaluated herein, SNA, SNB, NSGn, SNGoGn and BaNPtGn were significantly correlated with MCO. Although statistically significant, the magnitude of these correlations was considered either irrelevant (SNA, SNB, SNGoGn, BaNPtGn) or weak (NSGn) ([Table 4](#t04){ref-type="table"}).

Table 3.Descriptive analysis of radiographic variables.VariablesMeanStandard deviationMinimumMaximumSNA (degrees)82.9104.337670.097.5SNB (degrees)78.1953.728170.093.0ANB (degrees)4.7152.6412-6.011.5NAPog (degrees)10.0505.4802-8.024.0NSGn (degrees)69.3003.922256.079.0SnGoGN (degrees)37.6795.204719.048.0SNPP (degrees)6.9753.7902-4.016.0BaNPtGn (degrees)87.4704.126178.0101.0AFHi0.5880.0260.5280.705FHi0.6120.0410.5170.784

Table 4.Comparative analysis between positive (MCO = 66.7%) and negative groups (MCO \< 66.7%) in relation to the radiographic variables.VariablesGroupsMeanStandard deviationMann-Withney (*p* value)SNA (degrees)Positive82.1294.04100.058Negative83.9884.5472SNB (degrees)Positive77.6123.12470.290Negative79.0004.3407ANB (degrees)Positive4.5172.92890.296Negative4.9882.1878NAPog (degrees)Positive9.2765.81150.150Negative11.1194.8525NSGn (degrees)Positive69.9573.88240.105Negative68.3933.8390SnGoGN (degrees)Positive38.2574.53890.419Negative36.8815.9703SNPP (degrees)Positive6.7243.66850.241Negative7.3213.9707BaNPtGn (degrees)Positive86.9054.08190.324Negative88.2504.1072AFHiPositive0.5910.0270.157Negative0.5820.023FHiPositive0.6110.0300.772Negative0.6130.054

Table 5.Correlation coefficient (r) between radiographic variables and MCOVariablesrSpearman (*p* value)SNA-0.2500.012SNB-0.2020.044ANB-0.0520.605NAPog-0.0780.443NSGn0.3040.002SNGoGn0.2330.020SNPP-0.0140.888BaNPtGn-0.2420.015AFHi0.1830.069FHi-0.1050.298

DISCUSSION
==========

The association between specific skeletal patterns and the presence of obstructive adenoid is a topic which has been debated for years,[@B01] ^,^ [@B07] ^,^ [@B08] ^,^ [@B13] ^-^ [@B19] although controversy still remains. One of the reasons that might contribute for this debate to persist is related to the varied sorts of assessment methods used to evaluate the level of adenoid obstruction.

This study has demonstrated that children with respiratory complaints might present skeletal features associated with hyperdivergency and retrognathia. However, despite currently accepted hypotheses according to which dolichofacial or Class II patients are more anatomically susceptible to present adenoid obstruction, evidence presented herein suggests that children are likely to experience it regardless of their skeletal characteristics.

According to most studies, the size of the nasopharyngeal airway is significantly correlated with excessively vertical cephalometric features. Researchers have suggested that this dimensional reduction of the nasopharynx might be attributed to skeletal characteristics which are inherent to hyperdivergent patients, such as maxillomandibular retrusion.[@B07] ^,^ [@B14] ^,^ [@B16] ^,^ [@B18] ^,^ [@B23] Nevertheless, Santos-Pinto et al[@B16] refuted this hypothesis when they demonstrated that individuals with varying nasopharyngeal dimensions did not significantly differ in relation to the anteroposterior position of the maxilla and the mandible. The data obtained in our study support their findings,[@B16] since the anteroposterior position of the maxilla and the mandible showed no relevant correlation with the degree of adenoid obstruction, as determined by flexible nasofiberendoscopic examination. Moreover, according to our results, the subjects who were considered to be positive presented similar maxillomandibular sagittal position as those considered to be negative for adenoid obstruction.

That finding might explain why no significant differences were found in relation to ANB when positive and negative groups were compared. In addition, ANB revealed no relevant correlation with the degree of adenoid obstruction. These findings corroborate the results of Freitas et al,[@B17] according to which sagittal malocclusions are not correlated with nasopharyngeal airway depth.

Further evidence provided by this study contradicts what other studies[@B07] ^,^ [@B20] ^,^ [@B23] ^,^ [@B25] claim. Some of these researches,[@B07] ^,^ [@B23] after lateral cephalometric analysis, reported that Class II patients had significantly smaller airway areas. In their latest study on tomographic measurements, Claudino et al[@B28] were unable to detect a significant association between nasopharyngeal dimensions and the sagittal skeletal pattern in adolescents. The authors demonstrated that more obvious influence of the skeletal pattern could be observed in relatively lower portions of the pharynx, such as the oropharynx, rather than at the nasopharyngeal level.[@B28]

Similarly to Claudino et al,[@B29] this study found no significant differences between participants with distinct grades of adenoid obstruction, whether vertical or sagittal skeletal parameters. Likewise, no relevant correlations were observed between the percentage of adenoid obstruction and any of the skeletal variables investigated. It is our opinion that most of the studies that have been carried out to date[@B07] ^,^ [@B08] ^,^ [@B13] ^,^ [@B14] ^,^ [@B16] ^-^ [@B22] ^,^ [@B24] have actually failed to infer that patients with specific skeletal patterns (dolichofacial and/or Class II) significantly present higher frequencies of pathological adenoid obstruction. Considering the data obtained herein, it no longer seems reasonable to assume that a reduction in the nasopharyngeal airway is directly related to an actual clinical obstruction. Thüer et al[@B13]have already reported that there is no significant correlation between nasal airflow parameters, derived from rhinomanometry, and the nasopharyngeal space observed in lateral cephalometric radiograph. The absence of a significant correlation between respiratory capacity and anatomical traits of dolichocephaly has been also reported by Solow et al[@B21] who sought to correlate skeletal morphological patterns with data obtained from rhinomanometry examination.

In addition, although imaging techniques may indeed indicate nasopharyngeal anatomical reduction, these might not be able to promote significant influence on patient\'s clinical respiratory conditions, nor necessarily predispose one to effectively develop obstruction. Unlike many other researches, in this study, a direct and visual nasopharyngeal evaluation method was used, which, according to relevant literature,[@B23] is considered to be the gold standard for adenoid evaluation.

However, this study presents significant limitations, with the most important one being associated with single cross-sectional evaluation of adenoid hypertrophy. As previously reported,[@B31] the adenoid lymphoid tissue might be susceptible to sudden dimensional changes as a consequence of allergic sensitization. Therefore, the authors suggest that future studies should address this limitation by performing serial adenoid evaluations, so as to minimize potential variations. In addition, new research is still required to investigate the influence of other morphological parameters, such as those related to the cranial base,[@B30] on the dimensional reduction of the nasopharynx and the potential establishment of an obstructive respiratory process, since this study was limited to assess only maxillary or mandibular parameters.

CONCLUSION
==========

The sample studied herein showed skeletal patterns with a discrete tendency towards excessive vertical growth, a convex profile and mandibular retrusion. However, no statistically significant differences were found between patients with or without adenoid hypertrophy. The correlations established between the characteristics of craniofacial morphology and the percentage of choanal obstruction were weak or not significant.
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